Spectra from foil-.excited heavy ion beams can be used to investigate the relative abundance and charge state composition of heavy metal contaminants which cause severe radiative energy losses in tokamak-produced plasmas. The degree of ionization of these metals in the tokamak plasma is not well known because of uncertainties in ionization and recombination rates and particle confinement times. Only a few stages of ionization are typically prominent in foil-excited spectra, however, and both the most probable charge state and distribution width are well known. Highly ionized heavy ions (e.g., Ti, Mo, W and Au) which span the range of charge states found in present tokamaks were produced by passing beams from the Brookhaven MP tandem Van de Graaff accelerator facility through 20 }ig/cm2 carbon stripping foils. EUV radiation was recorded with a grazing incidence spectrometer. Comparisons of the beam-foil spectra with radiation from plasmas, and recent direct determinations! of atomic oscillator strengths for principal resonance lines of such highly ionized species as Li-like iron (Fe23+), Na-like bromine (Br24+), and Cu-like iodine (I24+) are discussed.
Introduction
The important atomic data needs for progress toward fusion power have been stressed in recent committee reports.1'2 Among the needs cited are wavelengths of atomic transitions, line identifications, atomic transition probabilities, and absorption oscillator strengths (f values). Of particular urgency are the atomic data for highly ionized metals such as Sc, Ti, Cr, Fe, Ni, Zr, Nb, Mo, Ta, W, Re, Pt, and Au. These elements possess various desirable physical or chemical properties as construction materials in tokamak-type plasma devices; but the very high radiation efficiency of the heavy ions can cause prohibitively high radiative energy losses from the plasmas. The relevant parameters for producing highly ionized atoms in a tokamak discharge are the high central electron temperatures Te (1.5 to 3 keV in existing machines) and the product of the electron density and particle confinement time. The presence of highly ionized heavy atoms, even in small quantities, adversely affects the achieved temperature and confinement times in tokamak discharges.394 The identification and quantitative analysis of heavy ion impurities is thus crucial to fusion research.
The study of spectra from foil-excited ion beams, beam-foil spectroscopy (BFS),596 has proved to be a valuable source of atomic data for fusion. For example, Wiese and Younger7 have discussed the important contributions to the direct determination of f values. Until recently, most BFS experiments were performed at small accelerator facilities and were thereby limited to light ions and relatively low ionization stages of heavier atoms. This prompted the belief that since such high beam energies were required, the direct determination of f values for the very highly ionized heavy ions expected in future generation tokamaks would be beyond the scope of the BFS method.7 A plot of the maximum mean charge states versus atomic number for several types of existing and future accelerators is showr. in Fig. 1 . The estimated range of ionic charges produced in previously constructed, next generation, and fusion reactor tokamaks is indicated. This comparison demonstrates that the investigation of radiation from the highly ionized species expected in future plasma devices will not be beyond the range of the BFS method. A graphical overview of recent BFS survey scans and f value determinations is included in Fig. 1 .
The BFS technique can also be used to elucidate the types of transitions and the states of ionization for heavy-metal contaminants in tokamak-produced plasmas. Beam foil excitation produces a narrow distribu- An additional complication in these experiments was the presence of unexplained intensity modulations26 on most of the decay curves. A dec-y curve which is typical of the problems caused by an "yrast" tail and a "growing in" cascade (i.e., one of the exponential coefficients is negative causing a maximum in the curve), and shows the most extreme case of intensity modulations yet encountered is shown in Fig. 2 . Although the origin of these oscillations which were also present in the measured decay curves for Ni17+ Further experimental and theoretical work is expected to firmly establish systematic trends along isoelectronic sequences and thereby provide plasma experimenters with accurate f values for principal resonance lines of any impurity ion.
Direct Comparison of Foil-Excited and Plasma Spectra theoretical studies19 indicated that large numbers of spectral lines would overlap to form broad spectral features in the 40-70 R region. Foil-excited spectra which span the range of charge states produced in present tokamaks (See Fig. 1.) were measured in this wavelength region for tungsten and gold ions with q ranging from 20-33 and 25-38, respectively. The spectra, the four beam energies used in each case and the corresponding q are shown in Fig. 3 . As expected,29q,30 the isoelectronic spectra show the same features with the gold lines displaced toward lower wavelengths by about 7 and 10 R for bands prominent at lower and higher beam energies, respectively.
Spectra from the tokamak discharges with central electron temperatures Te of about 500-600 eV for PLT and 400 eV for Ormak are shown in Fig. 4 . The PLT spectrum corresponds to somewhat higher states of ionization and did not change very markedly up to about 1500 eV, where it is expected3l that tungsten ions with q=31 will be produced. The two tokamak spectra shown in Fig. 4 the transitions i1n the Ormak spectrum were attributed to radiation from tungsten ions,30 even though Ormak contained a gold-plated liner (PLT does not). Comparison of the BFS spectra in Fig. 3 with the tolcamak spectra in Fig. 4 Fig. 5 . The fewer electron systems are seen to produce much simpler spectra than observed for W and Au in Fig. 3 . In contrast to the results for heavier ions where complex bands of lines dominate the spectrum, it will be possible to obtain Ti spectra with sufficient resolution to isolate most of the transitions and make accurate wavelength and lifetime measurements. Further measurements for higher q and over an extended range of wavelengths are now in progress. 
Summary and Conclusions
Much can be learned from the comparison of spectra from highly ionized heavy ions produced by beam-foil excitation and plasma discharge. It 
